C V -B 3 strains from A F P c a s e s Strain nam e (R egion) C V -B 3 strains from asym ptom atic contacts
Strain nam e (R egion) N IV 1 0 2 1 2 4 1 LV 3 8 0 P1 (N IK ) N IV 0 9 0 0 1 C 1 LV H 1 (C K ) | N IV 0 9 4 3 3 1 LV 2 6 P2 (C K ) N IV 0 9 0 0 1 C 2 L V H 2 (C K ) i N IV 0 9 5 1 8 1 LV 3 3 P 3 (C K ) N IV 0 9 0 0 1 C 3 L V H 4 (C K ) i N IV 0 9 9 3 5 1 L V 5 3 P 4 (N IK ) N IV 0 9 0 0 1 C 4 L V H 5 (C K ) i N IV 0 9 1 4 3 2 1 LV 1 4 1 P 5 (S IK ) N IV 0 9 0 0 1 C 5 L V H 7 (C K ) N IV 0 9 2 3 4 9 1 LV 1 5 7 P 6 (N IK ) i N IV 0 9 9 1 0 1 LV 1 9 8 P 7 (Kerala) N IV 0 9 9 7 4 1 LV 2 0 4 P S (Kerala) N IV 0 9 1 7 8 0 1 LV 2 4 3 P 9 (K erala) N IV 1 0 1 9 2 4 1 LV 3 5 0 P 1 0 (N IK )
Viral RN A extraction
As described earlier in Chapter 4, section 4,1,2, viral RNA was extracted from 30% cell culture supernatants by using a Mag Max RNA isolation kit (Am bion Inc, USA) and an autom ated Mag Max RNA extractor, according to the m anufacturer's instructions (Applied Biosystems, USA).
R T -P C R

Reverse transcription and am plification of the viral genom e
The viral R NA was reverse transcribed and amplified using ten overlapping primer pairs, listed in Table 6 ,2, and a SuperScriptTM III RT-PCR system with Platinum Tag (Invitrogen, USA).
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A n a lysis of P C R products
Final PCR products were resolved and analyzed by electrophoresis on a 2% agarose gel containing 0.5 pg / ml EtBr and visualized under the UV trans illuminator.
Nucleotide sequencing and genetic analyses
Gel extraction and purification of P C R products
The excised PCR products were purified using QIAquick gel extraction kit (Qiagen, Hilden, Germany) using the protocol as described in Chapter 4, section 4.1.5.
Nucleotide segu en cin g
The sequencing of the products was carried out by using BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) on an automated DNA sequencer (ABI Prism 3100 Genetic Analyzer;
Applied Biosystems). The detailed protocol has been described in Chapter 4, section 4.1.6.
Genetic analyses
Identification of se gu e n ce by B L A S T
The nucleotide sequences were subjected to BLAST analysis in NCBI database. Detailed procedure is described in Chapter 4, section 4.1.7.1.
Alignm ents
Analysis of the nucleotide and deduced amino acid sequences was carried out using the M E G A version 6.03 software package (Tamura et al., 2013) . The curated nucleotide sequences of the complete genomes of CV-B3 strains were adjusted in FASTA format and aligned with the sequences of the CV-B3 strains available in G enBank using Clustal W program.
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Phylogenetic trees
Phylogenetic trees were constructed on the basis of nucleotide sequences using the neighbor-joining statistical method with 1000 bootstrap replications and maximum composite likelihood model with pair-wise deletion method. Separate trees were constructed for full length and other defined regions of the genome, encoding VP1, structural (P1), and non-structural (P2-P3) proteins and 5' NCR of CV-B3 prototype/reference strains. Detailed procedure is described in Chapter 4, section 4.1.7.4.
Genetic distance and percent sim ilarity calculation
Per cent diversities between the nucleotide/deduced am ino acid sequences were estimated using p-distance/Poisson Correction model.
Detailed procedure is described in Chapter 4, section 4.1.7.5.
Sequence subm issio n
The sequences of fifteen complete genomes obtained in the present study were deposited in the GenBank database under the accession numbers: K R 107054-K R 107057 and JX 476 1 6 1 -JX 4 7 6 1 7 1 .
Recom bination analysis
The program SimPlot version 3.5.1 (Lole et al., 1999) was used to carry out recombination analysis. SimPlot calculates and graphically represents the identity of the query sequence (suspected recombinant strain) to reference sequences (parent strains) versus the position in a sliding window, which is moved across the alignment in steps. In bootscanning, mosaicism is suggested when high levels of phylogenetic relatedness between a query and reference sequences in different genomic regions is observed. Similarity and boot scan plots were built with a window size of 500 nt and step size of 20 nt and the boot scan analysis was run with a neighbour-joining tree algorithm (Kimura distance model) and 100 pseudo replicates.
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RNA secondary structure prediction was performed with the graphical user interface of RNA structure software (rna.urmc.rochester.edu/RNAstructure.html) (Reuter and Mathews, 2010) .
The core of the sequence based RNA secondary structure prediction software is a dynamic programming algorithm which works on the principle of minimizing free energy. The default therm odynam ic parameters options of RNA structure software were used for RNA predictions, including calculation of all structures within 10% free energy of the most stable structure.
R e s u lt s
G e n o m e o rg a n iza tio n o f the C V -B 3 s tra in s
The genomes of the CV-B3 strains of this study were found to be 7399-7400 nucleotides in length, with a G+C content of 4 7 -4 8 % and
consisting of a single long open reading frame of 6555 nucleotides that corresponds to a precursor polyprotein of 2185 amino acids flanked by NCRs of 74 3-7 44 and 101 nucleotides at the 5' and 3' end, respectively.
P liv lo q e n e tic a n a ly s e s
Phylogenetic trees were constructed using full-length and partial genomic sequences of 5'NCR (nt:1-744), structural (P I: nt 745-3300), VP1
(nt 2453-3300} and non-structural (P2-P3-3 NCR : nt 3 3 0 1 -7 4 0 0 ) genomic regions for investigating the relationship of the study strains with all the EV-B prototype strains and also with the closely related reference strains identified by NCBI BLAST.
In the complete VP1 region, the study strains were closer to CV-B3 strains from south-central Asian countries and found to cluster into two distinct genogroups, GVl and a new genogroup GVIl, with15.9% divergence (Figure. 6.1a). These genogroups were also significantly distant from the genogroups G IV/GV and GI/GII/GIII respectively comprising strains from East Asian and non-Asian countries. GVl included the study strains (CK
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6.1.8 P re d ictio n o f RNA s tru c tu re (n=7); Kerala (n=3); NIK (n=1); SIK (n=1)), other Indian strains (SIK (2009, n=5) ; the north Indian state Uttar Pradesh (UP) (2008, n=3)) and strains from Uzbekistan (n=1) and Bangladesh (n=1). GVIl included three study strains from NIK and also other Indian strains (SIK (2008, n=1) , Kerala (2007, n=1 and 2008, n=1) and UP (2009, n=2)) ( Figure 6 .1a).
The complete genom es and P1 genom ic region of the study strains All the phylogenetic trees reflected the two clades of the study strains (GVl and GVIl); however, no segregation of the strains from AFP cases, with respect to the strains from asym ptom atic contacts, was noted ( Figure 6 .1 a -6,1e). 19S3 (n=1).1994 (n=1) .1996 (rr-7). 2 0 0 0 (l»=9). 2001 (n=5). 2 0 0 2 (n -1 1 ). 2 0 0 3 (n=1). 2 0 0 4 (n=1). 2 0 0 5 (n=8). 2 0 0 8 (n*1). 200 7 ( n -2 ). 20UB (iv=28). 2009(n=5). 2 0 1 0 (n -2 ), 2 0 1 1(n=2), 2 0 1 2 (n= 20). 2 013 (n=1). J a p a n 2 0 1 3 (n=2) G e rm a n y 2011 (i»=1X
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T aiw an 2 0 0 0 (n=8). 200B (n^l) GM T aiw an 2 0 1 2 (n s1 ) CSermany (n=1). 1 9 7 D (n = 2 ).1 9 7 6 (n = 1 ).1 9 7 8 (n = 1 ).1 9 7 9 (n = a i9 e i (n»2).1984 (n°1).19B 7 (n=1).1997 (n=H),1998 (n=1) F r a n c e 1963 (fF^I). 2001 (n>1). 2 0 0 4 (n<1). 2 0 0 5 (n<10). 2008(n>3). 2UU9 (n=1) N ethe«tan«ta (n=4) A u stra lia 2 0 0 5 ( n d ) . 2 0 0 6 (n>4) D e n m a rk 2 0 1 0 ( n^) USA 2 0 0 5 (n=1) M oldova 2 0 0 2 (n=1) J a p a n 2 0 1 3 (n°1 ) G « G e rm a n y 1999 ( n^) 
Recom bination analysis
To resolve the incongruence observed in the phylogeny for different genom ic regions of the study strains, recombination analysis was earned out separately for each of the strains in comparison with the CV-B3 and other EV-B reference strains ( Figure 6 .1a-6.1e).
The similarity plot analysis revealed mosaic recombination between the genom e sequences of the CV-B3 study strains and other EV-B reference strains ( Figure 6 .2). Further, boot scan analysis confirmed these recombination events (Figure 6 .2). The P1 genom ic region of all of the study strains showed high similarity with CV-B3 type only. On the contrary, other genom ic regions (5'NCR and P2-P3) of the study strains showed high similarity/recombination events with multiple EV-B types (CV-B4, E-20. E-24, E-6, E-7. EV-B74, and EV-B86). In the P2-P3 region, all study strains from GVI genogroup displayed similar pattern of recombination, while their pattern was found to be different from those detected in GVIl strains. In the 5 ' NCRs.
all strains from GVI were identified to have unclassified recombination while the study strains from GVil showed marks of recombination with E-7 and EV-B74 strains (Figure 6.2a-b ). Figure 6. 2 
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M ean n u cle o tid e /a m in o a c id id e n tity /d iv e rg e n ce a m o n g the s tu d y s tra in s
Mean nucleotide/amino acid identities of the study strains respectively with other CV-B3 and EV-B (CV-B4, E-20, E-24, E-6, E-7, EV-B74, and EV-B86) reference strains were found to be 83%/97.1% and 78.8%/88.1% in the complete genome/polyprotein; 83.4%/97.6% and 68%/71.5% in the P1 region; 82.1% / 96.9% and 84.1% /97.2% in the P2-P3 region. In the 5 NCR.
the mean nucleotide identity of the study strains with both types (other CV-B3 and EV-B) was 87.2%.
At the complete genome/polyprotein, P1, P2-P3 and 5 'NCR levels, the phylogenetically separated groups, GVI (n=12) and, GVIl (n=3), showed mean nucleotide/amino acid sequence divergence of 14.4%/2.1%, 16.5%/1.7%, 13.1%/2.4% and 15%, respectively. These values within GVI were found to be 1.8%/0.8%, 1.6%/1%, 2.2%/0.6% and 0.9%, respectively, and within GVIl corresponded to 8.5%/1.2%, 5.6%/0.4"/j11.4% /1.8% and 3.6%, respectively. No specific nucleotide/amino acid mutation(s) in the genomes of strains from AFP cases, with respect to the genomes of strains from asym ptom atic contacts, were noted.
A n a ly s is of p re d icte d s tru c t u re s of d o m a in s o f 5 'N C R s o f the s tu d y s t r a in s
The secondary structure of the variable domain. Dll (nt: 90-185). of 5'NCR, implicated in regulation of the viral replication, was predicted, using RNA structure algorithm (Reuter and Mathews, 2010) , for all the strains of this study. In the Dll region, the study strains from the two genogroups were found to differ at 28 nucleotide positions, which also included a deletion (at the position of 127) in GVIl strains. The GVI strains showed more num ber of bulges in the 5'NCR Dll structural fold as compared to those identified in Although the occurrence of the AFP associated CVB3 strains has often been recorded on the basis of VP1 gene typing worldwide (Wong et al., 2011 , Rao et al., 2012 , the phylogenetic characterization of these viral strains has rarely been carried out. Recent studies based on VP1, have classified CV-B3 strains into genogroups, GI-GV (Chu et al., 2010 , Fluang et al., 2014 . Of these Gl, Oil, and GIN strains were found to be prevalent in Am erica and Europe, GIV strains were reported from Taiwan and GV strains were found predominantly in East Asia (Chu et al., 2010 , Fluang et al., 2014 et al., 2012) . This could explain the occurrence of Indian strains from different regions in the two different genogroups.
Among the phylogenetic trees constructed on different genom ic regions (complete genome, P1, VP1, P2-P3 and 5'NCR). the tree topology identifying the different genogroups in VP1 based tree, matched completely in the P1-based tree and the two genetic clusters of study strains consistently delineated in all of the analyzed regions.
It is worth noting that the mean nucleotide/amino acid sequence divergence between the two genogroups of study strains, representing different regions of India, was significant (14.4%/2.1%) (FiguretMb). The mean genomic divergence within the study strains (n=3) from GVIl was found to be more (8.5% /1.2% ) than that (1.8%/0.8%) detected in the study strains (n=12) from GVI. The GVIl strains were more divergent than GVI strains, specifically in the 5'NCR (3.6% vs 0.9%), and P2-P3 protein region (1.8% vs 0.6%). In the PI region, though, the nucleotide sequence divergence in GVIl strains was higher (5.6%) than that (1.6%) of GVI strains, the amino acid divergence in GVIl strains (0.4%) was found to be less than that of GVI (1%). The differential divergence of structural/non-structural regions of the strains from the two genogroups, may denote adaptation of CV-B3 strains in different geographic areas.
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The clustering of the study strains along with CV-B3 reference strains in the P1 region ( Fig.uremic) Similarity plot and boot scan analyses across the complete genom es of each of the strains detected multiple sites of shift in the phylogenetic position of the corresponding sequence displaying potential recombination in the study strains ( Figure 6 .2). The points of recombination were identified to be distributed in the 5 'NCR and throughout P2-P3 region, but exempted the P1 region. Thus, the mosaic of sequences derived from multiple types (CV-B4, E-20^ E-24, E-6, E-7, EV-B74, and EV-B86) in the non-structural genomic region of study strains, denote its susceptibility to inter-typic recombination.
The differences in the recombination patterns between the GVI and GVIl identified in this study suggest that the recombination events might have played a role in the em ergence of the novel genogroup of CV-B3.
It may be noted that only the P1 domain of all the study strains has shown significantly higher nucleotide/amino acid identity with CV-B3 reference strains than with other EV-B reference strains (CV-B4, E-20, E-24, E-6, E-7, EV-B74, and EV-B86) (83.4%/97.6% vs 68%/71.5%). As against this, the P2-P3 domain of the study strains has shown higher nucleotide/amino acid divergence with CVB3 reference strains than with other EV-B reference strains (CV-B4, E-20, E-24, E-6, E-7, EV-B74, and EV-B86) (17.9% /3.1% vs 15.9%/2.8%). However, the 5 'NCR of the study strains has shown no difference from CVB3 reference strains and other EV-B reference strains (CV-B4, E-20, E-24, E-6. E-7, EV-B74, and EV-B86) (12.8% vs 12.8%) in the mean nucleotide identity. These findings are in agreement with the concept of independent evolution of structural and nonstructural genom ic fragments of EV-B types (Lukashev, 2005) .
Structural alteration in the variable domain. Dll, of the 5 ' NCR of CV-B3 strains has been described to play a role in the viral processes such as translation and replication, known to contribute to the viral virulence (Prusa et al., 2014 , Shelton S. Bradrick, Feb 16, 2010 . The difference in the predicted structures of the Dll of 5'NCRs in the strains from different genogroups may be attributed to different parental origins as was noted from the recombination patterns. It is to be noted that the 5 'NCR Dll of the dom inant genogroup GVI was more structured when compared to that of GVII, reflecting the influence of the 5'NCR in the perpetuation of the strains in the environment.
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In the present study, no specific mutations were found in AFP associated strains. Further, the secondary structure of the 5 'NCR Dll region of all of the strains revealed no specific differences between strains from AFP cases and asymptomatic contacts ( could be linked to AFP. In view of these findings, further studies to identify the quasispecies nature of these viral infections, host genetic markers and examination of the host virus interaction pathways, involved in progression to AFP manifestation would be crucial.
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